Introduction
============

The management of congenital diaphragmatic hernia (CDH) remains challenging despite advances in neonatal care. Infants with CDH mostly present with immediate respiratory deterioration after delivery due to pulmonary hypoplasia and pulmonary hypertension. [@JR160303cr-1] The strategy of delayed surgical repair of CDH after physiological stabilization of the newborn is accepted at the majority of centers including our department. [@JR160303cr-2] The decision for late surgery is being justified by an effort to reduce the risk of pulmonary hypertension. [@JR160303cr-3]

Although most centers have adopted this paradigm, clinical evidence to determine the right timing of surgical CDH repair is still of interest. [@JR160303cr-4] Moreover, among lower risk patients, delayed repair does not seem to have an impact on survival. [@JR160303cr-5] Serious gastrointestinal symptoms (gastric perforation, sigmoid perforation, volvulus, peritonitis, etc.) have also been described in a few CDH cases during the early neonatal period. These complications seem to have mainly developed prenatally and/or were not clinically manifested immediately after delivery. [@JR160303cr-6] [@JR160303cr-7] [@JR160303cr-8] [@JR160303cr-9] [@JR160303cr-10] [@JR160303cr-11] [@JR160303cr-12] [@JR160303cr-13]

Only a few cases [@JR160303cr-7] [@JR160303cr-8] [@JR160303cr-9] [@JR160303cr-10] [@JR160303cr-11] [@JR160303cr-12] [@JR160303cr-13] of bowel perforation in newborn patients with CDH have been reported. However, all published cases were described in term or near-term infants. In most of these published cases [@JR160303cr-8] [@JR160303cr-9] [@JR160303cr-10] [@JR160303cr-11] patients had only mild respiratory insufficiency, small defects of the diaphragm, and high survival rate. We report the case of a very low-birth-weight infant with CDH with initially satisfactory postnatal stabilization until bowel perforation occurred with urgent surgery and fatal outcome.

Case Report
===========

The patient prenatally diagnosed with left-sided CDH was born by emergency cesarean delivery due to suspected intrauterine hypoxia at 31st week of gestation with a birth weight of 1,470 g. Signs of severe respiratory distress syndrome (RDS) developed immediately after delivery, and the infant was managed by intubation followed by surfactant administration at 2 hours of age and conventional ventilation. Low doses of dopamine, as well as dobutamine, and volume were administered for mild myocardial dysfunction and hypotension. Postnatal stabilization then proceeded successfully within the first 24 hours (mild respiratory support, small fraction of inspired oxygen---up to 30% fraction of inspired oxygen (F [io]{.smallcaps} ~2~ )---to maintain adequate oxygenation). However, severe cardiopulmonary deterioration occurred on the second day with 100% F [io]{.smallcaps} ~2~ required to maintain oxygenation. A chest X-ray revealed a dilation of the herniated bowel loops and suspected free air in the chest ( [Fig. 1](#FI160303cr-1){ref-type="fig"} ). The patient recovered from cardiorespiratory collapse after the switch to high-frequency oscillatory ventilation, when higher doses of inotropes were used, after that urgent subcostal laparotomy was indicated.

![X-ray of the newborn patient, on the second day of life. X-ray shows left-sided CDH, severe dilation of intestinal loops on the left side of the chest (discontinuous arrow) and free air in the chest (full arrow). CDH, congenital diaphragmatic hernia.](10-1055-s-0037-1606288-i160303cr-1){#FI160303cr-1}

During surgery, agenesis of the left diaphragm with the narrow medial rim, free meconium in the thoracic and abdominal cavities, rotation of midgut by 180 degrees counterclockwise including incomplete torsion of common mesentery and multiple ischemic lesions with two transmural perforations (terminal ileum and oral sigmoid colon) were found. The left hepatic lobe and spleen were localized in the thorax. Reconstruction of the diaphragm was performed by Gore-Tex patch (Dualmesh 1.0 mm, Gore Medical) and the bowel perforations were closed with interrupted stitches. The abdominal cavity was closed with a patch (Gore-Tex patch Dualmesh 1.0 mm) as a prevention of abdominal compartment syndrome. Second-look procedures followed on the fifth and eighth day of life when multiple parietal bowel necroses in the small intestine and colon were resected and the bowel sutured. The abdominal cavity was permanently covered by a patch. Systemic inflammatory response syndrome unresponsive to aggressive treatment presented from day 2 and progressed to multiple organ failure and death on the 11th day of life. Autopsy disclosed postinflammatory changes in the abdominal and chest cavities and moderate pulmonary hypoplasia with diffuse alveolar hyaline membrane disease. No other congenital anomalies were found. Both intestinal sutures and diaphragmatic reconstruction were healed.

Discussion
==========

We report a very rare case of intestinal perforation during the stabilization period in a preterm infant with CDH. In contrast to the published literature (see [Table 1](#TB160303cr-1){ref-type="table"} for details), our patient was a preterm neonate with intrauterine growth restriction (IUGR) and diagnosis of left-sided CDH with diaphragmatic agenesis needing a patch to close the defect. Cases described in the literature include newborns with prenatally diagnosed CDH with a small defect and in-utero perforation of the stomach [@JR160303cr-10] [@JR160303cr-12] another group of patients described in literature comprises of term neonates with only mild RDS symptoms and predominant abdominal symptoms [@JR160303cr-8] [@JR160303cr-13] and neonates with associated gastrointestinal anomalies, such as Job\'s syndrome [@JR160303cr-9] or associated jejunal atresia. [@JR160303cr-7] Therefore, the presented case does not fit into any of the listed patient groups already published. Several risk factors for the development of spontaneous intestinal perforation (SIP) in preterm infants were present in our patients\' case (severe RDS, IUGR, mild myocardial dysfunction needing circulatory support). [@JR160303cr-14] [@JR160303cr-15] No drugs with known adverse side effects in terms of SIP (epinephrine, steroids, indomethacin) were used. Although surfactant is not usually given to CDH patients or patients with hypoplasia of the lungs, in this case, the neonate required surfactant administration for RDS. In addition to the above, prematurity may be a significant factor for the development of SIP and infants with SIP tend to present with symptoms early after delivery. [@JR160303cr-16] Moreover, incomplete torsion of common mesentery, multiple ischemic intestinal lesions, and meconium peritonitis were found during first surgery, which may support the hypothesis of spontaneous intestinal perforation rather than prenatally acquired perforation. [@JR160303cr-1]

###### Overview of the published literature on the topic

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Authors, year                                  Medical history                                                                                                                                                                                              Perioperative findings                                                                                                                                                                                                      Outcome
  ---------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------
  Silverman et al, [@JR160303cr-6] 1986          Near-term newborn, twin A, IUGR, pleural effusion and ascites, pneumoperitoneum and pneumothorax, developed later---thoracocentesis and cytology confirmed meconium and diagnosis of right-sided CDH\        Sigmoidal perforation with meconial peritonitis and pleuritis in infant with CDH                                                                                                                                            No patch\
                                                 Mild RDS                                                                                                                                                                                                                                                                                                                                                                                                                                 Survived

  Christopher et al, [@JR160303cr-7] 1990        Term newborn, RDS after delivery treated using hyperventilation. Postnatally diagnosed left-sided CDH. Calcifications scattered throughout the abdominal and thoracic cavities\                              Incarcerated bowel in left hemithorax, meconium, and cloudy fluid in abdomen, symptoms of peritonitis\                                                                                                                      Systemic inflammatory response syndrome after surgery\
                                                 Associated anomaly: jejunal atresia                                                                                                                                                                          Two perforations detected (area not specified)                                                                                                                                                                              No patch\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          Survived

  Manning et al, [@JR160303cr-8] 1992            Term newborn, hospital readmission with postnatally diagnosed CDH, mild RDS, and severe gastrointestinal symptoms                                                                                            Gastric volvulus was noted. After reduction of the contents, a perforation of size 1 × 1.5 cm within an area of necrosis on the posterior surface of the gastric fundus was noted\                                          No patch\
                                                                                                                                                                                                                                                              Gastric volvulus, perforation within an area of necrosis on the posterior surface of the gastric fundus                                                                                                                     Survived

  Butterworth and Webber, [@JR160303cr-9] 2002   Term newborn, mild RDS, pleural effusion---bile-stained fluid removed by thoracocentesis\                                                                                                                    Left-sided CDH, perforation of a normally positioned cecum. Meconium staining throughout the peritoneal cavity. Debris in the left pleural space. An ileocecal resection and ileostomy with mucous fistula were performed   Pathologic examination showed a congenital deficiency of the muscularis propria in the perforated area with a chronic inflammatory response\
                                                 Associated anomaly: Job\'s syndrome                                                                                                                                                                                                                                                                                                                                                                                                      No patch\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          Survived

  Hyodo et al, [@JR160303cr-10] 2002             Term newborn, mild RDS. Prenatally diagnosed CDH and massive ascites without dilated bowels, clearly visible diaphragm between the ascites and pleural effusion                                              Left-sided CDH, small defect. Perforation was located at the gastric angle. No significant inflammation or calcification of the peritoneum and pleura was identified                                                        No patch\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          Survived

  Esposito et al, [@JR160303cr-11] 2008          Term newborn. Postnatally diagnosed pneumothorax and peritonitis. Moderate RDS requiring ventilation                                                                                                         Left-sided CDH diagnosed during surgery. Perforation of the great curvature                                                                                                                                                 No patch\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          Survived

  Komuro and Gotoh, [@JR160303cr-12] 2012        Prenatally diagnosed CDH, ascites, and pleural effusion. Near-term newborn, severe RDS improved after thoracic drainage                                                                                      Left-sided CDH, small defect. Perforation was found in the stomach just proximal to the pylorus and repaired by direct closure                                                                                              No patch\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          Survived

  Jiang et al, [@JR160303cr-13] 2013             Term newborn postnatally diagnosed CDH, presented with gastrointestinal symptoms only                                                                                                                        Gastric perforation located at the back wall of greater curvature. Ascites                                                                                                                                                  No patch\
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          Survived

  Presented case                                 Prenatally diagnosed CDH. Very low-birth-weight infant, acute RDS, and PPHN. Rebound of respiratory failure on 2nd day of life, severe systemic inflammatory response syndrome and multiple organ failures   Multiple ischemic lesions with two transmural perforations in terminal ileum and oral sigmoid colon\                                                                                                                        Gore-Tex patch needed to close diaphragmatic defect and abdomen\
                                                                                                                                                                                                                                                              Second-look surgery: multiple parietal bowel necrosis in the small intestine and colon                                                                                                                                      Died on 11th day of life
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Abbreviations: CDH, congenital diaphragmatic hernia; IUGR, intrauterine growth restriction; PPHN, persistent pulmonary hypertension of the newborn; RDS, respiratory distress syndrome.

Preoperative stabilization may have the potential to reduce the risk of pulmonary hypertension in CDH cases [@JR160303cr-2] and delayed surgery is the preferred approach. However some unexpected complications (i.e., SIP---as in the presented case, gastric perforation [@JR160303cr-10] ) during the stabilization period can occur. Although risk factors for SIP are not preventable by early surgery, SIP needs to be considered among the possible differential diagnoses in a preterm neonate with CDH who is not responding to standard postnatal management or in the case of deterioration during stabilization period after delivery.

The unexpected development of meconium pleuroperitonitis led to systemic inflammatory response syndrome and multiple organ failures. This appears to be the main and unpreventable cause of death in the presented case. The role of other causes, such as foreign bodies---patches, is highly speculative. An enterostomy to decompress the bowel was considered, however not performed due to the fragility of the bowel and the given clinical state of the neonate.

Finally, the unfavorable outcome could among other causes be influenced by the "liver-up" presentation. This commonly remains a challenging issue in CDH patients and is known to be associated with worse prognosis. [@JR160303cr-17] [@JR160303cr-18]

Conclusion
==========

Delayed repair of CDH after stabilization will continue to be the standard approach. However, intestinal perforation needs to be considered among the possible differential diagnoses in a clinically deteriorating preterm neonate.

New Insights and the Importance for the Pediatric Surgeon
=========================================================

A rare case of a very low birth weight infant with prenatally diagnosed congenital diaphragmatic hernia (CDH) in the unusual association with bowel perforation whilst undergoing standard protocol with delayed surgery is presented and compared with published literature.

Although the role of early surgery in preterm CDH patients and it́s possible positive impact on prevention of unexpected complications remains unclear, it may be of benefit to keep this possibility in mind for this kind of very rare and highly specific patient population (preterm and growth restricted CDH neonates).

Spontaneous intestinal perforation requiring early surgical intervention should be considered in the differential diagnoses in a clinically deteriorating preterm neonate.
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